Text. Analytical Approximation forr out in terms ofr in and c.
where t i are the jump times of the Poisson process, and h(t) = e −t/τ , t ≥ 0 0, t < 0.
The mean and variance of this random process for an initial condition s(0) = 0 are given bȳ r in τ k(1 − e −t/τ ) and 1 2r in τ k 2 (1 − e −2t/τ ) respectively [1] . Shot-noise processes are Markovian and it can be shown that for finite jump sizes, k < ∞, s is ergodic [2] , meaning that as t → ∞, s(t) converges in total variation to a unique stationary probability distribution π(s) for any initial condition s(0). In other words, s has the property that time averages converge in time to statistical averages. The ergodicity of s allows us to find an asymptotic expression as t → ∞ for the expected fraction of time that any single outcome of the random process spends in a region (b 1 , b 2 ) by looking at its stationary probability density function.
Let
} be the set of all times over the time interval [t 0 , t 0 + T ] for which the stimulus is in the (b 1 , b 2 ) region. Then S f ⊆ S where S = {t ∈ [t 0 , t 0 + T ]}. We define 1 S f : S → {0, 1} to be the indicator function associated with the subset S f :
Let T f be the amount of time that s is between b 1 and b 2 :
From the ergodic properties of s, and by the strong law of large numbers,
where p(s) is the density associated with π(s), i.e. the stationary probability density function (PDF) of s:
The PDF (see S4 Text) is given as a piecewise function p n (s) for (n − 1)k ≤ s < nk where the piecewise elements satisfy recurrence equations that depend onr in , τ , and k. Let b 1 and b 2 be the FN bifurcation values of the input to the FN that takes the system from quiescence into the oscillatory regime and from this regime into saturation respectively:
The size of the oscillatory region is given by the difference between b 2 and b 1 and it decreases with increasing volatility c (see S3 Fig) . For constant s where b 1 < s < b 2 , the output rate is a constant given by the oscillation frequency of the FN when driven by a constant input s. For s not constant, the FN transitions between quiescence, oscillatory behavior, and saturation as s varies. For 1 1, the FN dynamics are much faster than the dynamics of s, and the number of foragers leaving the nest in a given time period [t 0 , t 0 + T ] is proportional to T f , the amount of time spent by s in the oscillatory region.
For T → ∞, nonlinear effects in the oscillations become negligible and the mean outgoing rate becomesr
where f 2 is the mean oscillation frequency of the FN when the driving input is constant and equal to s. We approximate f 2 = 1/T LC through the asymptotic representation [3] :
where T 0 , C 1 , and C 2 are given in S1 Text to obtain an approximate expression for howr out changes as a function of bothr in and c:
p(s,r in ) T LC (s, c) ds.
